INTRODUCTION
Over the span of more than 50 years, Yves Clermont ( Fig.  1 ) made a series of transformative contributions that laid the foundation for all modern studies on spermatogenesis. He discovered that there is a pattern of organization of germ cells in seminiferous tubules, and he identified the stages of progression of germ cells from spermatogonia to spermatozoa as well as the kinetics of spermatogenesis in many species, including humans. His precise descriptions of most germ cell organelles and their transformation during spermatogenesis remain the standard works of reference. In the course of his studies, he helped establish the field of stem cell biology by examining how spermatogonial stem cells can both renew themselves and produce very large numbers of spermatozoa. His research accomplishments are matched only by his extraordinary communication skills, having been awarded every teaching award at his institution, McGill University.
THE EARLY YEARS
In 1950, a young Yves Clermont joined the team of Charles P. Leblond, who became his thesis supervisor. Clermont accepted the difficult challenge of making sense of the cell associations found in the seminiferous epithelium of three different species. He successfully responded to the gauntlet laid down by Leblond and in the next three years managed to complete his Ph.D. thesis [1] . These studies constituted the foundation of the modern understanding of spermatogenesis and of the spatial and temporal organization of the seminiferous epithelium. Since that time, Clermont and his trainees have continually made insightful contributions regarding complementary aspects of the structure and functions of the seminiferous epithelium; spermatogonial renewal in rodents, primates, and humans; structure and functions of germ and Sertoli cell organelles and cytoskeleton; and hormonal control of spermatogenesis.
In 1953, the publication of the groundbreaking paper on spermatogonial renewal [2] , important as it was, would not have been possible without the other seminal publication in 1952 that defined the stages of the cycle of the seminiferous epithelium [3] , given that the order of the sequential mitotic division of spermatogonia was essential in understanding this process. In fact, the use of such a histological approach supplied precise information on the mode of spermatogonial renewal in the rat testis. 
DEFINITION OF THE STAGES OF THE CYCLE OF THE SEMINIFEROUS EPITHELIUM
When Yves Clermont started his monumental work, he confronted one of the most difficult cellular puzzle in mammalian tissues. He and Leblond observed, as others had noted earlier, that in addition to the somatic nondividing Sertoli cells, the seminiferous epithelium of sexually mature rats was lined by several generations of germ cells: spermatogonia along the basement membrane, one or two generations of spermatocytes deeper in, and one or two generations of spermatids facing the lumen of the seminiferous tubule. They found that the various generations of germ cells were not associated at random but formed cellular associations of fixed composition (Figs. 2 and 3) . Thus, for example, stage VII consisted of Type A1 spermatogonia, preleptotene spermatocytes, and steps 7 and 19 spermatids. Each of the other 13 stages of the cycle also revealed cells of fixed composition. Consequently, each stage consisted of fixed generations of cells, where a ''generation'' was defined as cells all at the same phase of development. This characteristic arrangement of the germ cells implied that in a given area of a seminiferous tubule, the cellular associations followed each other in succession over time. Since such a sequence repeats itself indefinitely, the notion of a ''cycle of the seminiferous epithelium'' was suspected. The definition of the various stages of the cycle was deduced only in the 1950s, when Clermont found the ''key'' to decode this phenomenon, by identifying the ''steps'' of development of spermatids stained with the periodic acidSchiff (PAS) technique. This method provided, for the first time, an examination of the morphological changes taking place in the acrosomic system of spermatids [4] , and this allowed a precise definition of the 14 different stages of the cycle of the adult rat seminiferous epithelium.
DURATION OF THE STAGES OF THE CYCLE
In the early days of studies of spermatogenesis, several reproductive biologists made efforts to evaluate the duration of the stages and the cycle by using x-ray irradiation of the testis and by estimating the rate of disappearance of germ cells from the seminiferous epithelium. However, with the advent of radioactive tracers and radioautography, initiated in the Leblond lab [5] , it was possible to visualize and estimate with greater accuracy the duration of the cycle of the seminiferous epithelium in intact animals. Thus, Clermont and Harvey [6] seminiferous epithelium in this species. Each vertical column depicts the cell types found at each of the 14 stages, which are indicated by Roman numerals I-XIV. Letters correspond to the names of the different germ cells, and Arabic numbers correspond to the 19 different steps in the life of spermatids undergoing metamorphosis during spermiogenesis. The sequential series of stages does not represent the distribution of stages along a seminiferous tubule but the events taking place in one small segment of a tubule with time. Therefore, in a given area of a tubule, stage I appears after stage XIV, whereupon the sequence of stages starts all over again. Additionally, the width allotted to the various columns is proportional to the relative duration of the corresponding stages and is expressed as percentages at the base of the column. These percentages were calculated from the frequencies with which the various stages appeared in cross sections of tubules in a survey of testicular sections. The location of the most advanced labeled spermatocyte in the various stages of the cycle at 3 h and at 12 days plus 3 h after a single injection of 3 H-thymidine is shown by the horizontal arrows. Clermont and Harvey found that at 12 days and 3 h after injection of thymidine, 46.3% of tubular cross sections at stage VIII contained labeled pachytene spermatocytes. Since these labeled cells were found early in stage VIII, the tip of the arrow was placed at 46.3% of the width allotted to that stage going from stage VII in the direction of stage IX. From these data, Clermont and Harvey found that 12 days (i.e., the time elapsed between intervals of euthanasia of animals) represented a duration that was less than a complete cycle. Taking the relative duration of the stages into account, it could be easily calculated that 12 days is the time taken by the labeled cells to evolve over 92.7% of the duration and that one cycle lasts 12.9 days. 
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DURATION OF SPERMATOGENESIS
Although the duration of the cycle was determined with appreciable accuracy, the duration of spermatogenesis could only be approximated because of the lack of defined end points. Even now, the very onset of spermatogenesis is debated, particularly the exact time at which spermatogonial mitosis begins. Even more imprecise is the end point of spermatogenesis, the exact moment of spermatozoa release (termed spermiation). Clermont arbitrarily designated the time at which Type A spermatogonia undergo their first series of mitosis as the onset of spermatogenesis [7] . Such mitotic figures were found to occur at stage IX of the cycle (Figs. 2 and  3 ). The termination of spermatogenesis was placed at stage VIII, when spermatozoa are released from the seminiferous epithelium. It was deduced from these observations that the whole process of spermatogenesis lasts approximately 51.6 days in Sprague-Dawley rats.
SPERMATOGONIAL RENEWAL
Perhaps the most dramatic contribution of Yves Clermont was the discovery of stem cells. With his mentor Leblond, Clermont (as first author) published a paper in 1953 on the renewal of spermatogonia in the rat [2] . In this paper, the stem cell theory was defined and supported by rigorous observations of germ cell formation and renewal in the testis. From their observations, they concluded, ''The continuous production of spermatozoa by the seminiferous tubules depends on the renewal of the spermatogonial population. Indeed, new spermatogonia must arise periodically to replace those that differentiate into spermatocytes, which in turn yield spermatids and spermatozoa'' [2] .
In the case of the Sprague-Dawley rat, using their classification of stages, Clermont and Leblond [2] described five peaks of mitosis located at stages IX, XII, XIV-I, IV, and VI. The first three mitotic peaks were identified as divisions of Type A spermatogonia, the fourth mitotic peak as division of intermediate (Type In) spermatogonia, and the fifth peak as division of Type B spermatogonia. In a later study [8] , Clermont analyzed the topographical arrangement of spermatogonia and observed a population of isolated Type A spermatogonia that had a low mitotic index. He named these cells Type A 0 spermatogonia, or reserve stem cells, and proposed that they contribute only sporadically to the production of new spermatogonia in adult rats. Clermont believed that Type A1-4 spermatogonia corresponded to the more numerous cells forming linear groups along the tubular limiting membrane and that all divide during a cycle to increase their number and renew themselves. According to the Clermont model, both Type A1 and Type In spermatogonia arise from the division of Type A4 spermatogonia (Fig. 2) [9] . Interestingly, recent studies from Yoshida's group using video recordings and subsequent modeling [10, 11] support the concept put forth by Clermont [7] that stem spermatogonia are generated by fragmentation of chains of cells; these video recordings demonstrate that fragmentation of chains of Type A aligned (Type Aal) spermatogonia is an important source of A single spermatogonia (Type As). This model was challenged at that time by Huckins [12] and Oakberg [13] . Working in rats and mice, respectively, these investigators proposed that the renewal of spermatogonia starts with Type As spermatogonia that divide frequently throughout the cycle of the seminiferous Asterisks indicate times of onset (bottom row) and termination (top row) of spermatogenesis. With these data, the duration of both the cycle of the seminiferous epithelium and of spermatogenesis could be calculated. This material is reproduced from Clermont [7] with permission of the American Physiological Society.
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epithelium to yield new isolated and paired Type A cells. To these researchers, the latter divide to produce longer and longer chains of Type A spermatogonia called Type Aal cells that then evolve into Type A1 spermatogonia, which initiate a series of four consecutive mitoses (Fig. 5) . According to this model, the Type Aal, A1-4, In, and B spermatogonia are all differentiating cells, and only the Type As spermatogonia are considered as the true stem cells. Although most reproductive biologists have accepted the latter scheme, this prevailing model would not have been possible without the initial observations of Clermont and his collaborators.
AN ILLUSTRIOUS CAREER AS SCIENTIST AND TEACHER
Yves Clermont's fascination with spermatogenesis led him to study the transformation that occurs in the endoplasmic reticulum [14] and the Golgi apparatus [15] as well as the mode of formation of the acrosomic system of the mammalian spermatozoa [16] . By using immunohistochemical, radioautographic, and cell biology methodologies, he investigated in detail the formation of the perforatorium [17] , the outer dense fibers [18] , and the fibrous sheath [19] of the rat spermatozoa.
During his illustrious career, Clermont also examined how organelles of the secretory pathway in several cell types were structurally defined at the electron-microscope level to carry out their functions. This brought him into a long-standing collaboration with Dr. A. Rambourg from Département de Biologie Cellulaire et Moléculaire du CEA, Centre d'Etudes de Saclay, France. Together with his fellow colleague in the department, L. Hermo, they investigated the microarchitecture of the Golgi apparatus of many different cell types of the rat [15, 19, 20] . Of particular importance was the very first threedimensional representation of the Golgi apparatus at the resolution of the million-volt electron microscope that led to the definition of the Golgi ribbon for the first time: a structural continuity between the adjacent saccules of stacks of the Golgi apparatus of a cell [21] .
Clermont's studies on spermatogenesis and on the structure of the Golgi apparatus are now in all modern textbooks and have served as the foundation for the compendium of knowledge in the biomedical research of today. It was, however, in the teaching of histology that Yves Clermont thrived. As a talented artist, whether on the blackboard or on pen-and-ink drawings used in teaching and research of histological material, the visual impact of his laboratory talks and formal lectures are in a league of their own. Most, if not all, of the 5000 students who took the medical histology course recall the perfection of his lecturing abilities. It has left an everlasting impression in their minds, and they remember him as someone who played an important role in their professional and personal lives.
On a personal note, how can any of us (Louis Hermo, Mike Lalli, Carlos Morales, and other members and associates of the department, such as Richard Oko and Alain Rambourg) ever forget all the entertaining discussions we had about science and life while enjoying lunch at Ben's Delicatessen. Here we discussed the Golgi apparatus and testicular functions while soaking our arteries with a wonderful lean or medium smoked meat sandwiches. Also remembered with fondness are the endof-the-year parties in December, evenings at the Clermont residence, and summer picnics. Here we experienced the social side of Clermont and Leblond as we watched both of our role models dance, joke around, and even participate in some baseball antics (Fig. 6) .
Along with C.P. Leblond, Yves Clermont is viewed as one of the premier scholars of the Faculty of Medicine who excelled in teaching and world-class research. In the early days of his career, Clermont was awarded the William Osler award for the vastness of his knowledge of histology and his outstanding communication skills as a teacher. This is an award given by the students of fourth-year medicine in recognition of the professor who had the most impact on their education during their 4 years of medical studies. It was thus fitting that on October 18, 2013, Clermont ( Fig. 1) was recognized by McGill University for providing dramatic evidence for the continuous dynamic renewal of spermatogonia, for his remarkable scientific and academic qualities, and for his overwhelming enthusiasm in pursuing the highest teaching standards. In the presence of his family, many of his former trainees, and his colleagues, he received a well-deserved tribute for his outstanding qualities as a teacher of histology in the Faculty of Medicine by having the fully digitized histology lab named the ''Yves Clermont Histology Laboratory.''
